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LOW centered over- 

1. British Isles ............................... 
2. Netherlands.. ............................ 

estem France 
3 Norway Iceland Stmowa& ............. 
4.’ Brlttanf, Straltsbf Dover 
5. Sweden, Balt.ic Sea.. ... .I . . . . . . . .  ......... 

tabulated the number of times rainfall occurred a t  the 
two stations within 3 hours, 4 to 6, 6 to S, S to 12, etc., 
hours. For the LOWS the table is as follows: 

Hours interval between rain beginning 
at Nantes and Le M a  

0-3 4-6 M 8-12 
-~- -  

3s 12 2 11 
12 15 .......... 3 
10 5 1 1 
2 13 4 7 
7 .......... 2 .......... 

89 45 12 2 
---- 

com ared, the winds in the most cases were from NW. 
between Brest and Le Mans, with the following result: 
to 8 SW. Similar studies were made for the interval 

LOW centered as in- 

...................................... 1 above 
4 above. ..................................... . 5 above.. .................................... 

- 

HIOH Catered Bs h- 

..................................... 1 above. 

Hours interval between rain at Brest 
and Le Mans 

0-6 M 8-12 12-15 
----- 

11 6 6 1 
3 1 2 .......... 
4 1 1 .......... 
18 8 9 1 
---- 

- 
Hours interval between rains at Brast 

and Le Mans 

----- 
1 

0-6 ’ 8.8 I lM4 

9 4 

For HIQHS the following is the result: 

Hours interval between rain at Nantes 
and Le m s  

0-3 I 4-6 [ 6-8 I 5-12 

HIGH centered over- 

1. Spain. Gascony ........................... 36 I 12 11 7 
2. Central Europe.. ......................... 5 21 4 
3. Great Britain (with LOW over North Sal.. 4 2 .......... .................... 6 .......... 4. Southenst of Europe.. Here, too, the prevailing interval is the shortest one, 

31 l3 and the winds, sa the writer, are the same aa in the 
revious case. T C  distance between Nantes and Le 
ans is 185 kilometers, and between Brest and Le Mans t!€ It is thus seen that the shorter interval, 0 to 3 hours, 

At the time of the rainfalls which were seems to prevail. is about 420 kilometers.--0. L. M. 

THE MOST INTENSE RAINFALL O N  RECORD.’ 

By BENJAMIN C. &DEL. 

Mr. H. G. Cornthwaite’s article, “Panama Rainfall,” 
in May, 1919, MONTHLS WEATHER REVIEW, 47: 298320, 
contains in Table 1, Maximum rainfalls, a statement of 
the occurrence of 2.48 inches of rainfall in 5 minutes at  
Porto Bello, Panama, 2:07 a. m. November 29, 1911. 
The actual record has been kindly ioaned to the Weather 
Bureau fsee retouched photostat, fig. l), and from it 
we learn that all but 0.01 inch fell in three minutes, or 
at  a rate of 0.82 inch per minute. As this exceeds by 
100 per cent the rate of 8.07 inches in 20 minutes at 
Curtea de Arges, Roumania, July 7, 1889, heretofore 
considered the world’s record, it is desirable to record 
such facts as may have a bearing upon its validity. 

The shower that includes the period under considera- 
tion fell at  an excessive rate from 12:45 a. m. to 2:45 
a. m., the total fall for the two hours esceeding 6 inches. 
The total rainfall for the 24-hour period ending at 5 
p. m. was 7.60 inches by stick measurement. The 12- 
inch tipping bucket re istering gage a parently func- 
tioned roperly throug a out the p$ although the 

ible, the blurring being due to the slow clock speed 
rather than to instruniental failure. The actual fall 
during the period was determined b first correctin 

previous performance of the gage, and in accord with 
accepted practice, then crediting the remainder to the 
excessive period. It is established by letters of inquiry, 
addressed by Dr. Brooks to Mr. Cornthwaite, that the 
gage was emptied at 5 p. m. before the rain began; that 
the instrument was.in the ha.nds of careful observers; 
that to enter both stick measurements and registration 
was the usual practice; that the water was regularly 
poured out at each observation; and that no foreign sub- 

record P or the three minutes is so lurred as to be illeg- 

9 the legible portion of the 24-hour recor B on the basis o the 

stance was found in the rain gage or in the funnel a t  the 
time the rain was measured. The record was promptly 
made the subject of special inquiry, and the officer in 
command states that in his opinion it is correct. Per- 
sons who were at  work a t  the time remarked about the 
heavy rain, and low-lyin ground was covered with 
several inches of water, h n s  not being ca able of 
carrying it away as fast as it fell. Several large ?I oulders 
were dislodged and washed down the hillsides, and the 
reservoir su plying the town with water overflowed. 
The record t R erefore appears to be well substantiated. 

While the evidence su porting the validity of the rec- 

acceptance, i t  appears ro er to set forth in this connec- 

of rain fell within the three minutes. The method of in- 
terpreting the record by the process of elimination means 
that any failure of the tippin bucket to re ister through- 

minute period. Dr. Brooks counted 13 or 14 projections 
on the original record, which probablv means 13 or 14 
excursions of the zigzag pen, corresponding to 1.30 or 1.40 
inch. The record is too blurred to be sure of more ups 
and downs. This agrees fairly well with the perform- 
ance of a tipping bucket during an experiment a t  this 
ofice, during which 2.48 inches of water was poured into 
a similar ram-gage funnel, after which the lower end 
of the funnel was opened. The time required for the 
water to flow t h o u  h the opening was 2 minutes 

durin the rocess. The perkrmance of the bucket 

the t h e  occu ied in discharging 2.45 through the small 
opening at t x e lower end of the funnel is nearly as 

ord is sufficient under or s inary circumstances to warrant 

tion some reasons for B E  ou ting that the actual quantity 

out the entire 24 hours wou f d be credite d to the three- 

and 15 seconds, and t E e tippin bucket made 194 tips 

was % ?  ecidedy erratic, especially at  first. Now, since 

1 Paper presented at meeting of the American lldeteorological Society, Washington, D. C., Apr. 22,1930. 



MAY, 1920. MONTHLY WEATHER REVIEW. 275 

great as the time occupied by the excessive rainfall 
record, the question is raised aa to whether some fore n 

funnel, so that the flow was practically shut off for some 
time preceding the record, aqd the accumulated prea- 
sure of the water finally forced out the obstruction, and 
the water all rushed through in three minutes. This in- 
terpretation of the record is strengthened by its appear- 

the 17 minutes preceding, when the rain, 

other possibility mentioned by the observer in charge is 
that some one may have poured a quantit of water mto 

at 2 a. m. during a tro ice1 rainstorm are remote. 
Dr. H. C. F r a n k d e l d  haa sug eated hailstones aa a 

substance may have become lodged at the bottom of t % e 

which 8nce dY had em falling a t  a heavy rate, slackened. An- 

the gage, although the chancea of anyone E aving done so 

possible means of closing the gage f or a time. 

Bello, 8 mama, Mr. John H. Pooh remarked: 

EXTRACTS FROM CORRESPONDENCE. 

In re orting the rainfall of November, 1911, a t  Porto 

There w a ~  a young cloudburst at about 2:OO a. m. [Nov. 291, we were 
unable to prop&ly count the amount registered. 

- 
Poolc. 11/30/ll. , 

Mr. C. M. Saville, on receiving the automatic record, 
figured by elimination that the amount had been 2.46 
inches in three minutes between 2:07 and 2:lO a. m. 
Further information was requested from Mr. Poole, who 
replied as follows: 

Ur. a. y. SAVILLE. 

PORT0 BELLO POLICE STAI’ION, 
December 11. 1811. 

Asaukant .Engineer, Crtlehra, Canal Zone. 
(Through Chief of Police, Ancon.) 

SIR: Replving h your letter of the 8th instant, relative to heavy 
rain at  this $lace 00 the night of Novcniher 2%29th, I have the honor 
to state that at shout 8:oO a. m. on thtr 29th ultinio. first-class lieemau 
Anthony J. T,echler, #108, Zone Police. who was on dutF g i n  mid- 
night the 28th to ROO a. m. the 29th. informed me that there had k e n  
an extra heavy rainfall during his tour of dut he also called my 
attention to the rainfall record sheet. I examine&he gage and register, 
fouud that there waa nothing apparently nr9ng. that nothing had heen 
tampered with so far as I could learn. I then rueamred the water in 
the tank and found the amount aR recorded by me on report of t.he 
28-39th ultimo. It is poe~ihle that some one could have poiired a 
bucket of water into the tank, but I am of the opinion that such is not 
the caw. In my o inion the records are corrert. 

Several persons wEo were at work at the time have remarked about 
the heavy rain that fell that night. The low und in the vicinity 
of the machine shop, district quartermaster‘s o R e ,  and lirt! station 
was covered with several inches of water during the harEain, drains 
not being capable of carrying it away aa fast as it fell. . 

rery respectfully, 
JOAX TI. POOLE. 

Corporal #18, Zone Policc, Police Oficcr in C’ominand. 

The following letter was received, dated Balboa 
Heights, C. Z., October 3, 1919: 

DEAR MR. BROOKS: Replyinc to your inquiry regarding the maxi- 
mum rainfall record at Porto llello, the autoniatic record, together 
with copies of the correspondence on the subject, are inclosed here- 
with. .In addition to the information contained in this correeponcience. 
i t  may be stated that several large boulders were dialodged and waehed 
down the hill sides and the rmervoir supplying the town with water 
overflowed during thia rainstorm. 

The automatic record was accepted as probably approximately 
correct for the following reasons: 
(1) The policemen at Porto Bello had always been accurate and 

reliable observers. 
(2) The rain g a r  was located on the dope of a clayey hill about 1.00 

feet back and 50 eet above the floor of the police station in a position 
difficdt of access except thru the police station (see fig. 2). 

(3) The heaviest downpour occurred at about 2.00 a. m.. in the midst 
of a eriod of heavy rainfall at a time of the niglit.when the gqge could 
not Eave been tampered with except with nialiclnus intent, and with 
considerable personal inconvenience to the perpetrator. 

(4).The variabk rules of rainfall immediately preceding and fol- 
lowing the period of heaviest fall indicate that the funnel of the gage 

could not have been stopped up, causing the water to accumulate in 
the upper llection of the gage. 

It m11 be noted that the amount of rainfall diiring the period of 
maximum fall was determined la ely by elimination, subtracting the 
rainfall dwicg t.he remainder of z e  storm from the total amount col- 
lected in the gage to determine the amount during the period of maxi- 
mum fall when the rerord was indist.inct, the automatic record being 
corrected on account. of the excessive rate of fall. 

Summarizing. it would seem that this record is a proximately cor- 
rect. unless Aome one with malicious intent faleifief it by pouring a 
quantity of water into the gage. hut it seems hardly likely that anyone 
would get up at 2.00 a. m. in the midst of a heavy tropical rainstorm, 
climb a slipperv clav hill back of t.he police station. and pour a bucket 
of water into the rain gage as a practical joke, and then remain forever 
silent on the subject to escape detection. 

* * * * * * 
H. G. CORNTHWAITE, 

Assiatnnl Chief Hydroqmpher. 
Very respectfully, 

This was followed by a letter to Mr. Cornthwaite 
December 2, 1919, excerpts of which follow: 

Several of IIE have ‘ven it crueful scrutiny, and the following que+ 
tions have been rSieef 
1. What had been the erformance of theraingage immedhtel pre- 

ceding these data. i. e., \ow many tip did the bucket make dative 
to the mcaaured amounts on other occasions when the rainfall was EO 
heavy aa the 1-inch-in-20-minutes rates found on the sheet before me? 
I premune that the previous erformance was the bask for the correc- 
tions a plied to the record &\and. 

2. das there any water in the gage not poured out at 5 p. m. the 28thl 
3. What can you say aa to the possihility of a sligh! obatruction having 

become lodged in the funnel for the 17 min recedmg the blurred rec- 
ord? This enod had only 0.13 in. record2 

4. Were %ere an reporta of such an exce tionsl downpour having 
been noticed after tKe few minutes of uiet g a t  preceded it? 

I have been able to count 12 top ani bottom t~ps, indiLrrting 1.19 of 
record in the permi between 2:07 and 2:lO a. m., and there seems 
almcet certainly to be 13, and possibly 14. Unless there b mme sys- 
tematic error in the record as a whole, e. g.. the rearc! of 0.01 in. when, 
say, 0.012 fell into the bucket before each tip started, i t  would seem un- 
likely that the error of registration waa aa great aa 1 @ch in thb cloud- 
burst. An experiment made here with 2.48 poured mto the funnel all 
at once showed some erratic action, but the water went throu h in 2 
min. and 15 aec. and the bucket tipped 194 times. The r e m 3  looh 

* * * * * 

very much like the Port0 Bello one. # 

* * * Y * 
Very respectfully, 

CHARLES F. BROOKS, 

BALBOA H E I G ~ S .  

,4feteomb&t-Editr. 
The following reply came: 

Mr, CHARLES F. BROOKS, December 16, 1919. 
Editor Month1 . F&hehcr Review, Washington, D.  C. 

(Throwh Clief Hydrographer.) 
DEAR MR. BROOKS: Answekg your questions regsrding the Porto 

Bello rainfall record : 
1. Yes; previous performance was the baab for the corrections applied 

to this record. An excaesive shower on November 12 showed 1.29 mchea 
by register and 1.43 inches by stick. A shower on November 22 showed 
1.50 mchea by register and 1.65 by stick. It is my belief that a some- 
what larger correction waa ap lied to the November 28-29 record on 
account of heavier rate of rainpall. 

2. No. Rainfall at Porto Bello preceding this heavy rainwas li ht. 
5:OO p. m. November 36. O.l(Y/ by register, 0.OW’ by stick; Novem%er 
27, 0.11” by regieter, 0.10‘) b y  stxk; November 28, 0.06’’ by registar, 
0.07/’ b stxk. It will be noted that the register and stick meaaure 
menta &wgree slightly, indicating that the water waa drawn off and 
actually measured each day. Had it been poured back mto the 
the totals would have been rogressively larger day by day, anf% 
three days’ total amounts on$@ 0.26 inch. 
3. Thu is thought to be poeslble but not probable. Rain-gagefun- 

nels here have been obstructed several tunes dunng the past 10 yeara 
by (1 cinders, or (2) bird guano, but in 120 ease has the obstruction been 
m p  L tc and in no me hns it cleared niddenly. In every case that haa 
come to our notice the water haa seeped through slowly, making a record 
almoat 88 regular aa an unbroken sunshine record, but at a slower rate. 

There waa no possibility of obstruction by cinders at Port0 Bello and 
no foreign substance was found in the rain gage or funnel at the time the 
rainfall was measured. 

4. Unfortunately the portion ?f the November 29th rainfall record 
under consideration occurred d u n g  the night (about 2 a. m.) when the 
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which 7 inches of rail1 f e l  in hdf  an hour, people who 
were out in it said t41iat they were almost drowned and 
had to hold their~hands over their faces to get air. S. P. 
Bergusson a.sked if there could be such rapid condensa- 
tion in t]le aJmosp11ere. (1. F. Brooks thought that the 
17-nlinute lleriocl of slaclr raillfall preceding the ,,loud- 
burst wns  a nec.essary accompaniment to such an exces- 
sive rainfall, for t,lie rate of rainfall much greater than 

must haye beell holding the rain- 
drops up in the air, and that therefore! there must have 

Portr, lkllo has expcrienred sonic very heavy rains. The rainfall been downwsrd current and little rainfall about the 

rainfall a t  Guinea, Ira., in which 9 or more inches feJl in 
less than 45 minutes (MONTHLY WEATHER REVIEW, 1906, 
Vol. 3.1, pp. 406-407, 3.figs.j. W. J .  Humphreys elabo- 
rated on the esplnnatmi of a cloudburst outlined by 

asked Mr. IGdd. C. F. Talniaii called attention to the 
fact that hail is k r i o ~ i  in the tropics, especially in Iadia, 
sncl that it lltxcl heeli rel,orted in the niountainkof Haiti 
and ‘‘’led attelltioll to the fact 
that most Of the Indian h i 1  occurred in the wid and 
semiarid p r t s  of subtropical northwestern India, and 
after rsjsillg the qUestioll as to the Janlaica hail 
was not in the mountains, stated that i t  appeared e-u- 
t.reme1.y uiiljke1.v that hail .would ever fall a t  sea level in 
Panama. [A&.- ,411 art,icle hy H. G. Comthwaite, on 
‘‘ Pttnanitt thunderstorms” (~IOXTHLY WEATHER RE- 
VIEW, Oct., 1919, 1’01. 47. 111). 722-i24) mentions the 
occurrence of hail in the Canal Zone on three occasions There was considerable discussion of this mper. ill 12 Ifr. ~ ~ d ~ 1  sairl such inteIlse 

inhabitants of the village were SO far 88 known no one noticed 
the period of quiet immediately preceding the heavy downfall. 

Naterspouts hive been observl;d along both coasts in Panama. It is 
not known whether such s pliciiomerion wo111d Iw likely tn OpCllr at 
ni ht. 

iixperiiments here in ponring lvatw ipto the miiipage funnel gave a 
record approximately the same 2s yoii repcrt. \le w r c  not able. 
however. to count the top and tottom tips, clue to the blurred chamcter 
of the record. 

AB previouslv ststed, the Pnrto 1 ~ ~ 1 1 0  maxiniuni rainfall rword. 
althoz4gh not f di-d!/ 0 b O ? ~ ’  ,swpif*ion. was acce Jted as prol>Shly apprnxi- 
ma%ly correct. i f  the I>Iiirreil portion of tLc record is not p w u i n e .  
the rnzlicioi1.p pouring of a qusntity of wnt,er into the raingage was 
thought to he the most plnusill!e esplanat,ion. 

station there was not in opcmtion fronl .411g11st. 181.4. to necemlwr. 
1918, hut the followiin: newspaper report. of a heavy dnmnpour on the 
night of May 4-5.191A. illust.rst~?s the exccsske chnrarter of the rainfall. 

“HEAVY RSIXV.4I.L I V  PORT,) BEI.LO. 

(l(llS), a torrential downpnnr occiirrd in that t.orrn and vicinity, 
cau.ing a number OF 1anr1 slips on the ailjacrnt. hills and considerali~e 
damagk to growing crops. .411 nf the c w k s  overflowed. and the wit.ar 
invaded the street.3 or the ri l lag.  Pome of t.he h o ~ s r s  in Porto Bello 
are reported to haxe heen cleatmycd 1my the inrindation. The new tele- 
phone line mffersd mnin darnage through the ri!shing waters having 
overthrom trees. which fell acmss t.he line. I t  is Paid that sllch a 
rainstorm as the villaye just experienced’ j e  the greatest within the 
memorv of the oldest inhabitant.. No lives were li!st.”-((Stccr and 
Herald:) 

bed. 

any possi])]e rate of colldensation indicatec1 t,hat there 

region of 11p-rush. H. C. Hunter called attelltioil to the 

“Reports fmlll port0 h?ilO are tn  the el’lL.Ct that 011 the 5th Of nfay Dr. Brooks (see aboPe). “C‘ould hail hare! occ,urred 

nr‘ 

Rwpec t fril ly.  
ir. t:. f.’OR.%*THD’.4ITB, 

--Is*is~mt Chkj  H!rth.nyncpLt-r. 

DIBCPSSION.~ 

the tipping bucket. 
J. Warren Smith Of ‘low* a cloudhUrst in h r&f& O C C I I ~ ,  the gages should haye greater ca,pacitg in 

2 Reprinted from BnU. Amrr. Mcf.2 Soc. May, 1920, vol. 1, no. 5, p. 52. 

SUNSHINE AND CLOUDINESS IN THE CANAL ZONE. 
By H. G. CORNTHWAITE, Assisant Chief Hydrogrspher. 

[Balboa Heights. C. Z., -4Pr. ?1,19m.] 

The degree of daytime cloudiness in the Canal Zone is 
Jess during the &-y SeaSol1 trllall in the rainy seas011, hut 
even in the dry seas011 the sky is by 110 means &u&y.s, 
the average degree of daytime cloudiness being about 50 
per cent of the sk obscured in the &J- Seago11 and about, 

There is not the intense unobstructed solar radiation in 
the Canal zone that is experieliced in dry sec,t,ions of tlig 
United States. The ~Jou&ss skies SO cOniniOl1 in the 
semiarid sections of soutliwestern ITnited States are. 

Marc11 1s generally the month of niiliimum c.loudine.ss in 
the Canal Zone, while June and November nre usually the 
months of maxinlum cloudilless alld least sunshine. The 
maximum du,yation of sunslline oc,c1rs during the +g 

occurs in March or April. 
The daytime cloudiness is somewhat greater in the 

interior and Over the Pacific sectioll than 011 the Atlantic 
side. The prevailing winds duriIlg the greatgr part of 
the year blow froni off the -4tlantic. These winds reach 
the isthmus with water vu or mostly uncondensed and 
therefore not visible as c,lOu B s. In  crossing in the Istiinius 
a large part of the water vapor carried h these winds is 

a ents of condensation being the ascending air currents 
t f at develop over the escessively heated land surface and 

the upward deflection of the winds approaching and pass- 
ing over the Cont,inental Divide. Any increase in ele- 
vation of L mass of air, from whatever cause, results in a 
corresponding decrease in its temperature. When the 
teni ernture of the ascendin air current has been lowered 

becomes visible as cloud. 
Ni..ght clorrrlin.css-No actual records are available of 

nighttime cloudiness, hut in generd the cloudiness is 
much greater during the daytime than at  ni ht. This 

cumulus cloucls form regularly during the daytime, and 
8s regularly tlisappesr with the approach of night. 

Oyer the iiit,erinr night cloudiness often takes the form 
of fo s, which are nunierous during the rainy season, but 

occur dong either coast in the vicinity of the Canal Zone. 
(See fig. 2 . )  

During the rainy season night and early morning cloudi- 
ness is heavier dollg the At?lantic? Coast, where approxi- 
mately half of the total rainfall occurs during the night- 
time. 

Jfonth.h/ crtrunLes.--The maximum monthly daytime 
doudiness recorded during any one month of the past 12 

ca.st average monthly cloudiness waq 30 per cent at 
Balboa Heights in February, 1918. 

75 per c,ent of t P le sky o1)scured in the rainv season. to t R e dew point, its inrisih f e wat,er vapor condenses and 

is especinlly noticeable during the dry season. w a en heavy 

whic F i usually lift or dissipate before S.30 a. 111. Few fogs 

practically unknown in the Canal Zone. 

sewon, usually in Januwy, a.nd the maxiniuni iw.benszty 

condensed and becomes visible as cloud, t 9 ie most effective ears was 93 per cent nt Colon in July, 1914, and the 


